-The ventilatory CO2 chemoreflex is inherently low in inbred Brown Norway (BN) rats compared with other strains, including inbred Dahl saltsensitive (SS) rats. Since the brain stem expression of various pHsensitive ion channels may be determinants of the CO2 chemoreflex, we tested the hypothesis that there would be fewer pH-sensitive K ϩ channel-expressing cells in BN relative to SS rats within brain stem sites associated with respiratory chemoreception, such as the nucleus tractus solitarius (NTS), but not within the pre-Bötzinger complex region, nucleus ambiguus or the hypoglossal motor nucleus. Medullary sections (25 m) from adult male and female BN and SS rats were stained with primary antibodies targeting TASK-1, Kv1.4, or Kir2.3 K ϩ channels, and the total (Nissl-stained) and K ϩ channel immunoreactive (-ir) cells counted. For both male and female rats, the numbers of K ϩ channel-ir cells within the NTS were reduced in the BN compared with SS rats (P Ͻ 0.05), despite equal numbers of total NTS cells. In contrast, we found few differences in the numbers of K ϩ channel-ir cells among the strains within the nucleus ambiguus, hypoglossal motor nucleus, or pre-Bötzinger complex regions in both male and female rats. However, there were no predicted functional mutations in each of the K ϩ channels studied comparing genomic sequences among these strains. Thus we conclude that the relatively selective reductions in pH-sensitive K ϩ channel-expressing cells in the NTS of male and female BN rats may contribute to their severely blunted ventilatory CO 2 chemoreflex. CO 2 chemoreception; control of breathing; K ϩ channels RESTING MEMBRANE POTENTIAL and overall membrane excitability in neurons depend on the compliment and activation state of multiple ion channels. It is thought that the leak or background potassium (K ϩ ) channels play a dominant role in this regard, driving membrane potential toward the K ϩ equilibrium potential. Different K ϩ channel families are distinguished by their sequence similarities and their gating properties contributing to diverse functions. The activity of some K ϩ channels is uniquely affected by changes in H ϩ , with a known acidic dissociation constant (pK a ) within or near the expected physiological pH range for the brain. Given the large role for K ϩ channels in determining membrane excitability, it has been postulated that the cellular expression of one or more pHsensitive K ϩ channels might represent a mechanism by which specialized cells in the brain may serve as (central) respiratory chemoreceptors (34, 38). In humans and other mammals, there is considerable variation within a species in the ventilatory response to increased inspired CO 2 . Different strains of rats, such as the Dahl salt-sensitive (SS) rat, increase pulmonary ventilation ϳ200% after switching inspired gas from room air to a gas mixture with 7% CO 2 , whereas Brown Norway (BN; BN/NHsdMcwi) rats only increase pulmonary ventilation by 34% with the same stimulus (14, 15). This strain difference in the ventilatory chemoreflex is specific to hypercapnia, as BN and SS rats do not differ in room air breathing nor in acute ventilatory responses to hypoxia and moderate exercise (15). In addition, denervation of the peripheral chemoreceptors does not alter the hypercapnic ventilatory response, further indicating that the this large phenotypic difference in CO 2 sensitivity among these strains is likely due to differences in central (brain) mechanisms of respiratory CO 2 chemoreception (27).
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We previously investigated whether there are differences between the highly CO 2 -sensitive SS and CO 2 -insensitive BN rats in the numbers of cells expressing three different pHsensitive K ϩ channels [twik-related acid-sensitive (TASK-1), inwardly rectifying (Kir2.3), and voltage-activated (K v 1.4)] specifically in the medullary raphe nucleus (38) . Consistent with the hypothesis that fewer cells expressing pH-sensitive K ϩ channels within a site with CO 2 chemosensitivity might lead to lower CO 2 sensitivity in the BN rat, we found ϳ10% fewer K ϩ channel-expressing cells in male BN rats compared with SS rats. However, the BN female rats consistently showed 10% greater numbers of raphe K ϩ channel-expressing cells, which was counter to the hypothesis (38) . Herein we utilized tissue from the same rats as studied previously to further test the hypothesis that there are strain-, sex-, and brain stem site-specific differences in expression of pH-sensitive K ϩ channels between male and female SS and BN rats within three additional brain stem sites, including: 1) the highly integrative and CO 2 chemosensitive nucleus of the solitary tract (NTS); 2) a site critical for respiratory rhythm generation, the pre-Bötz-inger complex (pre-BötC) region, which presumably has lower levels chemosensitivity (19) ; and 3) two sites containing respiratory-related motoneurons [the nucleus ambiguus (NA) and hypoglossal motor nucleus (XII)] known to express high levels of TASK-1 (44) . We further tested the hypothesis that any strain-related differences in central CO 2 /pH chemosensitivity that arises from differences in these pH-sensitive K ϩ channels may arise from genetic polymorphisms and thus compared genomic sequences of these three K ϩ channel genes, along with upstream and downstream elements, among the SS and BN strains to identify sequence variants that may ultimately lead to altered membrane excitability.
METHODS
In-house male (n ϭ 6) and female (n ϭ 9) (SS; SS/JrHsdMcwi) rats, and male (n ϭ 7) and female (n ϭ 7) (BN; BN/HsDMcwi) rats were studied. The rats studied herein were the same as in the previous report on expression of K ϩ channels in medullary raphé cells (38) ; thus methods and procedures have been previously presented in detail. Both male and female rats were studied because of previously observed sex differences in some physiological phenotypes, including the control of breathing (11, 12, 33, 42) . All rats were generated and continuously housed at the Medical College of Wisconsin Biomedical Resource Center Transgenic Barrier facility before use in experimental protocols. All animals were provided a diet of Purina Rat Chow and water ad libitum. None of the rats were used for any physiological studies. All aspects of the protocols were reviewed and approved by the MCW Institutional Animal Care and Use Committee.
Histology and immunohistochemistry. At 70 days of age, all rats were euthanized with an overdose of pentobarbital (Nembutal; 150 mg/kg). The heart was exposed and the ascending aorta was cannulated via left ventricle puncture. The brain was then perfused with 0.2 M phosphate-buffered saline (PBS) followed by perfusion with 4% paraformaldehyde in PBS for 30 min. The medulla was then extracted, postperfusion fixed, dehydrated with sucrose solutions, and frozen at Ϫ80°C. Tissue was then cryostat sectioned at 25 m in a transverse plane into four series, beginning 1 mm caudal to obex and continuing for 2 mm rostral to obex. The first series was stained with cresyl violet (Nissl) to profile the total number of cells within the caudal (cNTS) and rostral NTS (rNTS), NA, pre-BötC, and XII. The remaining three series were utilized for immunohistochemistry, as described previously (38) , using polyclonal primary antibodies (1:100; Alomone Laboratories, Jerusalem, Israel) raised in rabbits targeting recombinant rat [Kv1.4 (amino acid residues 589 -644; APC-007) or Kir2.3 (amino acid residues 418 -437; APC-032)] or human [TASK-1 (amino acid residues 252-269; APC-024)] proteins. Specificity of each of these antibodies has been shown by the supplier (Western blots) and previous publications (22, 24 -26) . Confidence of specificity was also enhanced by the distinct subcellular localization of each antibody label, where TASK-1-immunoreactive (ir) was primarily cytosolic with no nuclear staining, Kir2.3-ir was found in a dense ring around and throughout the nucleus in addition to the cytoplasm, and Kv1.4 heavily stained the nucleus and to a lesser extent the cytosol (Fig. 1A) . It is, however, worth noting that there is evidence suggesting that this particular antibody for TASK-1 may not be highly selective (1) , although others have demonstrated reasonable selectivity (45) . Moreover, all cell counts of K ϩ channel-ir cells were made in all regions from the same animals, mitigating any potential artifactual effects on the data. The slides were then washed in PBS and incubated with a secondary antibody (biotinylated anti-rabbit antibody for 3 h), rinsed, and reacted with diaminobenzidine for 10 min, rinsed with Tris buffer, dehydrated, and cover slipped. Data acquisition and statistical analysis. The NTS and XII nuclei were manually counted on an upright microscope, where the NTS at its most caudal boundary was identified as dorsal to both the dorsal motor nucleus of the vagus and large motoneuron-containing XII, ventral to the gracile nucleus, and medioventral to the cuneate nucleus. NA was quantified from its position 0 to 1 mm rostral to obex (Ϫ13.3 to Ϫ12.3 bregma), where it was found at the caudal end to be dorsal to the pocket of the lateral reticular nucleus and ϳ2 mm lateral from the midline, according to the rat brain atlas of Paxinos and Watson (31a) . The pre-BötC area included a region 0 to 1.0 mm rostral to obex (Ϫ12.8 to Ϫ12.3 bregma) as being ventrolateral to NA and surrounded laterally by the spinal trigeminal nucleus. For quantification purposes, the pre-BötC area and NA were imaged using an upright microscope and chargecoupled device camera at ϫ10 magnification and defined by placing a 600-m circle ventral to NA, with its center at the lateral edge of NA (13). Thus we counted cells within and near the pre-BötC along this rostrocaudal axis. Within each nucleus, cells included in counts were based on the following criteria: degree of staining, distinguishing (mainly neuronal) characteristics, and section quality. For each K ϩ channel antibody, the intensity of staining was variable, having a range of lightly stained cells (negative) and heavily stained cells (positive) compared with background levels, as demonstrated in Fig. 1A . Cells with clear distinguishing characteristics, such as an identifiable soma, nucleus, axonal processes, and/or dendrites (excluding glial cells), were considered immunoreactive based on the degree of staining. However, because we cannot be certain our antibodies do not also label other cell (glia, etc.) types, we refer to the counted objects as "cells" throughout. Furthermore, cells were not quantified in compromised tissue sections, i.e., folded, ripped, or damaged in any way. All cells were manually counted by one investigator blinded to sex and strain. Nissl-stained cells were used as an index of the total number of cells, and these were compared with cells immunostained for the K ϩ channels on serially juxtaposed sections. Although there are no differences in the ventilatory response to hypercapnia among males and females from these strains (15), statistical comparisons were made between strain and rostrocaudal distance within sex. For each sex (male or female), a two-way ANOVA was used to determine whether there were significant differences in number of cells between strains (BN vs. SS) with caudal-rostral distance within each nucleus (NTS, pre-BötC, NA or XII), or significant differences in the percentage of K ϩ channel-ir cells between strains and nuclei. A Bonferroni post hoc analysis was used to identify pairwise differences, with a threshold of P Ͻ 0.05.
Genomic sequence comparisons. An analysis of single nucleotide variants (SNVs) was performed using an online resource and tool on the Rat Genome Database (RGD; http://rgd.mcw.edu/). The reference sequence for the rat genome is the BN strain from our home institution (BN/HsDMcwi). All comparisons made were using genomic sequence from the SS (SS/JrHsdMcwi), and using the RGD reference sequence version 3.4 (RGD_v3.4). Each gene was queried for SNVs by entering the gene of interest [Kcnj4 (Kir2.3), Kcnk3 (TASK-1), or Kcna4 (Kv1.4)] into the "Rat Genome" tool and selecting the "Strain Specific Variants (not validated, annotated)" track for display. SNV data for each gene were downloaded and displayed in MS Excel to determine chromosomal location, variant location within the gene, read depth, reference base and substitution, and predicted gene product function (synonymous vs. nonsynonymous). SNV data were also obtained within 5 kb up/downstream of each gene queried.
RESULTS
Body weights. The body weight of the male SS (300.8 Ϯ 10.3 g) rats was greater (P Ͻ 0.001) than that of the male BN (236.0 Ϯ 4.5 g) rat strain. Similarly, the body weight of the female SS (200.2 Ϯ 2.9 g) was greater (P Ͻ 0.001) than that of the female BN (156.0 Ϯ 6.0 g) strain.
Total and K ϩ channel-ir cell counts in the NTS. There were no gross differences in total cell numbers in the NTS of BN and SS male rats upon visual inspection of the Nissl-stained tissues (Fig. 1) . This observation was consistent with manual counts of cell counts from Ϫ0.7 to 1.1 mm caudal and rostral to obex, respectively, are shown for SS (n ϭ 6) and BN (n ϭ 7) male rats. Note that there are significantly fewer TASK-1-ir, Kir2.3-ir, and Kv1.4-ir cells in BN rats compared with SS rats in the NTS, despite equal numbers of total cells. P values included are for the interaction term of two-way ANOVA (strain ϫ caudal-rostral distance).
all cells in the NTS showing no differences among male BN and SS rats (P ϭ 1.00; Fig. 2 ), similar to the comparison of total cells among female BN and SS rats within the NTS (P ϭ 1.00; Table 1 ). In addition, the total cell counts and those for Kir2.3-ir, TASK-1-ir, and Kv1.4-ir cells significantly varied along the caudal-rostral distance measured in both male and female BN and SS rats (P Յ 0.002; Fig. 2 and data not shown).
In contrast to the total cell counts within the NTS, there were obviously fewer K ϩ channel-ir cells in BN male and females within the NTS. There were consistently fewer TASK-1-ir, Kir2.3-ir, and Kv1.4-ir cells throughout most of the rostrocaudal extent of the NTS in BN male and female rats compared with SS rats (P Ͻ 0.001; Fig. 2 (Fig. 3) . Within this region, there were no strain differences in the total numbers of cells in male (P ϭ 0.999; Fig. 3 ) or female (P ϭ 0.656; Table 1 ) BN and SS rats. Similarly, counts of Kir2.3-ir, TASK-1-ir, Kv1.4-ir cells were equal among BN and SS male (P Ն 0.697; Fig. 3 ) and female (P Ն 0.738; Table 1 ) rats.
Within the NA, there was a significant trend of increasing total, TASK-1-ir, Kir2.3-ir, and Kv1.4-ir cell counts from obex to 1 mm rostral in male BN and SS rats (P Ͼ 0.05; Fig. 4) , and a similar trend was found in female BN and SS rats (data not shown). However, we found no differences among BN and SS male rats in the total, TASK-1-ir, Kir2.3-ir, or Kv1.4-ir cells within the NA (P Ն 0.324; Fig. 4) . Similarly, there were no strain differences among female BN and SS rats in all cell counts (P Ն 0.258; Table 1 ) within the NA.
All cell counts significantly decreased in the caudal-rostral direction within XII in male rats (P Ͻ 0.001; Fig. 5 and data not shown). In addition, we found a significant difference among male BN and SS rats in total cell counts within XII (P Ͻ 0.001; Fig. 5 ), where there were greater cell counts in BN rats caudally and fewer counts in BN rats rostrally. However, there were no differences in Kir2.3-ir, TASK-1-ir, or Kv1.4-ir cell counts within XII among male BN and SS rats (P Ն 0.460; Fig. 5 ). Furthermore, there were no differences among female BN and SS rats in total, Kir2.3-ir, TASK-1-ir, or Kv1.4-ir cell counts in XII (P Ն 0.242; Table 1 ). 
Values are means Ϯ SE of total and K ϩ channel-immunoreactive cell counts in Dahl salt-sensitive (SS; n ϭ 9) and Brown Norway (BN; n ϭ 7) female rats within the nucleus of the solitary tract (NTS), pre-Botzinger complex (preBötC), nucleus ambiguous (NA) and hypoglossal motor nucleus (XII) nuclei. P values are included are for the interaction term of two-way ANOVA (strain x caudal-rostral distance). *Significant difference. 
K ϩ channel-ir cell counts relative to the total in the NTS, NA, pre-BötC, and XII.
The counts for Kir2.3-ir, TASK-1-ir, and Kv1.4-ir were also expressed as a percentage of the total within each region (Fig. 6 ). Generally speaking, K ϩ channel-ir cell counts in male SS rats represented 30 -60% of the total in the cNTS and rNTS. In contrast, Ͼ75% of cells within the pre-BötC region, NA, and XII were immunoreactive for all three K ϩ channels in both strains (Fig. 6 ). Similar to the results from absolute cell counts, we noted a significantly smaller percentage of cells that express Kir2.3-ir, TASK-1-ir, and Kv1.4-ir channels in the cNTS among BN compared with SS rats (P Յ 0.002; and BN (n ϭ 7) male rats. Note that there is a significant difference among the strains in total cell counts along the caudal-rostral distance within XII (P Ͻ 0.001), but not in all other K ϩ channel-ir cell counts. P values included are for the interaction term of two-way ANOVA (strain ϫ caudal-rostral distance).
of Kir2.3-ir cells in XII in BN rats relative to male SS rats (P ϭ 0.016; Fig. 6 ). Similar results were obtained in the female rats comparing strain and regions (data not shown). 3 was within an exon, but this base substitution (reference ϭ T to variant ϭ C) is synonymous and codes for the same amino acid (glutamic acid). Thus, among the SNVs identified using this method, there was only one variant in a coding region, but it is not predicted to alter protein function. Therefore any differences in immunoreactivity among these strains are unlikely to result from SNVs within or near the Kir2.3, Kv1.4, or TASK-1 genes, but may instead result from altered transcriptional regulation in the BN strain.
DISCUSSION
The major findings of the present study were that the numbers of cells with TASK-1, Kir2.3, and Kv1.4 channel immunoreactivity within the NTS were significantly less in CO 2 -insensitive BN rats compared with SS rats in both males and females, with few or no differences in total NTS cell counts. Furthermore, there were few or no differences among the BN and SS rats in total and K ϩ channel-ir cell counts in all other brain stem regions studied. The relative percentages of total cells expressing K ϩ channels were greater for pre-BötC, NA, and XII than for the NTS. Finally, among multiple SNVs within and near these K ϩ channel genes, we did not find any predicted to alter the function of the resulting protein, suggesting that the observed strain-related and site-specific differences in numbers of pH-sensitive K ϩ channel-ir cells likely results from altered expression levels rather than gene mutations.
Central CO 2 /H ϩ chemoreception and pH-sensitive ion channels. Cells defined as central respiratory chemoreceptors are presumably intrinsically sensitive to CO 2 /H ϩ , independent of inputs from other cells, and these cells are functionally connected to the respiratory neural control network (37) . We and others postulate that the central chemoreceptors' intrinsic ability to respond to acidosis and/or alkalosis depends on the expression of one or multiple pH-sensitive ion channels, including one or more pH-sensitive Ca 2ϩ (3, 12, 16) , Ca 2ϩ -activated cation (36) , transient receptor potential channels (8) , and/or K ϩ channels (16, 34) . There are several K ϩ channels that have biophysical properties that are modulated by pH. For example, Kir2.3 channels expressed in Xenopus oocytes are strongly inhibited by graded extracellular acidification (6) or intracellular acidification (35) . Likewise, intracellular acidosis modulates Kv1.4 channels by shortening the N-type inactivation time constant (31) , while extracellular acidosis slows the recovery time from N-type inactivation (4). Lastly, TASK channels are modulated by extracellular (not intracellular) acidosis and are robustly expressed within brain stem motoneurons and putative sites of central respiratory chemoreception (2, 9, 21) . Ultimately, inhibition of these K ϩ channels via hypercapnic acidosis would theoretically lead to depolarization and increased membrane excitability/firing rates (34). ‡Percentage of K ϩ channel-ir cells is lower than that in XII (P Ͻ 0.05). *Indicated strain difference within a region (P Ͻ 0.05).
Despite the above rationale that support a role for these channels in cellular CO 2 /pH sensitivity, there are few data that directly demonstrate a functional role for any pH-sensitive K ϩ channels in determining cellular CO 2 /pH chemosensitivity, including those studied herein. TASK-1 and TASK-3 channels are expressed in raphe 5-HT cells, which are postulated to be intrinsically chemosensitive (5, 36) . However, TASK-1 and TASK-3 are also expressed within pre-BötC inspiratory cells, which are thought to play prominent roles in respiratory rhythm generation and less of a role in central CO 2 chemoreception (18) . While genetic deletion of TASK-1, TASK-3, or in combination affected the cellular chemosensitivity of dorsal raphe 5-HT neurons, there was no effect on whole-animal ventilatory CO 2 sensitivity in each TASK-1, TASK-3, or double knockouts (28) . Like TASK channels, Kv1.4 channels are widely expressed throughout the brain and thus appear unlikely to mediate such a highly specific cellular property as intrinsic CO 2 /pH sensitivity. However, the relatively selective Kv1 channel family antagonist 4-aminopyridine significantly attenuates in vitro CO 2 responses in chemosensitive locus coeruleus neurons and completely eliminates this response in the NTS (23) , suggesting a functional and specific role in cellular chemosensitivity than previously recognized. The Kir2.3 isoform of heteromeric inwardly rectifying K ϩ channels confers pH sensitivity (29) and has high open probabilities at pH ϭ 7.4, which is markedly reduced at pH ϭ 7.0 (50). Other Kir channels, such as Kir4.1-5.1 heteromeric channels, may also be involved (17) , particularly in pH-sensitive retrotrapezoid nucleus astrocytes via ATP release (49) . However, based on the sum of the data, we favor the hypothesis that no single pH-sensitive channel confers intrinsic cellular chemosensitivity, but rather a combination of various pH-sensitive ion channels, including, but not limited to, those studied herein.
As others have suggested (34), we envision cellular CO 2 /pH sensitivity to be determined by multiple pH-sensitive ion channels in any individual chemoreceptor cell type. This model has advantages where activation or inactivation of pH-sensitive ion channels becomes progressive with greater changes in H ϩ concentration from the baseline (pH ϭ 7.3), leading to greater changes in the cellular activity that encodes pH "sensing". Expression of multiple pH-sensitive channels with slightly different pK a could underlie this property, and the pK a and/or conductance of each channel could be modulated (39 -41) . For example, the pK a of Kir2.3 is estimated to range between pH ϭ 6.8 and 7.2 (6, 50), TASK-1 between 7.3 and 7.4 (10, 20) , and Kv1.4 slightly in the alkaline range (pH ϭ 7.5) (31). Other channels like TASK and the heteromeric Kir4.1./5.1 channel have a relatively high single-channel conductances and a broad estimated pK a (pH ϭ 6.8 -7.5) (7, 32) , which make them intriguing candidates to play a dominant role in pH-dependent cellular activity (46) . However, the expression of multiple pH-sensitive conductances within a given CO 2 -sensitive cell would allow for a higher degree of sensitivity, and the resulting changes in cellular responses varied among various chemoreceptor populations to optimize the ventilatory CO 2 chemoreflex over a broad range of pH.
While the identities of pH-sensitive channels that functionally contribute to central respiratory chemoreception remain unclear, herein we examined the sequence similarities of pHsensitive K ϩ channels among CO 2 -sensitive and -insensitive rat strains and quantified numbers of cells immunoreactive for various pH-sensitive K ϩ channels within four brain stem nuclei, including the NTS, NA, XII, and pre-BötC. Our conclusions based on the sequence data are that the basic function of each of these K ϩ channels within each strain are likely to be similar, and any difference in expression wherever found is not due to specific sequence variants within or 5 kb upstream or downstream of these genes. However, there may be sequence variation in regulatory elements for each of these genes we have not investigated that could lead to differences in detectable protein levels, or in factors unrelated to genomic sequence variation within the genes that ultimately alter the membrane content and/or modulation of channel function that vary among these strains. Nonetheless, the power in studying these specific rat strains is that they are inbred (isogenetic), their genomic sequences are complete, and they have large, inherent differences in ventilatory CO 2 sensitivity without phenotypic differences in other aspects of ventilatory control (15) . Thus these types of SNV analyses can be performed on all known genes for which there is adequate sequence coverage, including other hypothesized pH-sensitive ion channels not studied herein and previously (38) .
Based on previous data, it has been suggested that the medullary raphe may be among the sites with the greatest cellular CO 2 /pH chemosensitivity (34, 47) . We showed previously that the medullary raphe had as many as 300 cells per tissue section expressing K ϩ channels using the same quantification techniques and same tissues utilized herein (38) . Using the same logic, a large contribution to chemosensitivity should also come from the NTS, which contains 100 -200 cells per tissue section that express K ϩ channels. However, only a fraction of raphe and NTS neurons are chemosensitive (30, 48) ; there is a larger fraction of K ϩ channel expressing cells in the pre-BötC, XII, and NA relative to the NTS and raphe (see Fig. 6 ) (38); and there are data to suggest some level of cellular CO 2 /pH chemosensitivity within the pre-BötC (43) and XII Single nucleotide variants (SNVs) were queried by comparing genomic sequences (gene of interest plus 5 kb up/downstream) from the BN (reference sequence; version 3.4) and the SS strains using the publically available tools at RGD (www.rgd.mcw.edu). Listed are the gene name, chromosomal location, location of SNV, reference base and amino acid (AA) coded, and type of variant. UTR, untranslated region. (44) . Thus, although there are many raphe and NTS cells with pH-sensitive K ϩ channel immunoreactivity, the CO 2 chemoreflex and cellular CO 2 sensitivity are likely to be determined by several additional factors. Instead, the major strain-related differences in K ϩ channel-ir cells in the NTS of BN compared with SS rats (which is true for both male and female rats) may have the effects on both cellular CO 2 sensitivity and generalized levels of basal activity and/or responsiveness to synaptic inputs.
Accordingly, the sum of the observations herein support the overall hypothesis that the differences in CO 2 /H ϩ sensitivity inherent to BN and SS rat strains are due in part to differences in the numbers of cells staining positive for multiple pHsensitive K ϩ channels in the chemosensitive NTS. A strength of our studies is that the data were obtained from the same tissues analyzed previously, validating direct comparisons between the raphé, NTS, NA, XII, and pre-BötC datasets (38) . Nevertheless, no matter how objective, these comparisons only provide a correlative relationship between the relative expression levels of these specific pH-sensitive K ϩ channels and CO 2 sensitivity in vivo, i.e., they do not demonstrate cause and effect. Another potential weakness is the quantification only of the numbers of cells that expressed each K ϩ channel, compared with providing a densitometric or other semiquantitative approach to measuring level of expression among the cells that express the channels. In other words, we have a snapshot of expression levels using a single threshold for detection, while there may actually be greater numbers of cells that express each channel. However, it remains possible that one or more of these differences in pH-sensitive K ϩ channels can account for some of the strain differences in CO 2 sensitivity, although additional functional studies are needed to validate this possibility.
Lastly, the significance of the identified differences in K ϩ channel expression between four brain stem sites may provide a basis for future studies on factors determining membrane excitability and/or differences in electrophysiological "signature" and firing characteristics of neurons at these sites. While modified by pH and/or CO 2 , these channels also play major roles in homeostatic functions that are indirectly or not at all related to central respiratory chemoreception. Our data and other data characterizing the distribution and differences among strain, sex, and brain stem nucleus suggest major questions that, when addressed, should enhance understanding of the role of pH-dependent K ϩ channel cellular function. It is striking that, for both rat strains, a relatively small percentage of the total number of NTS cells express these K ϩ channels (Fig. 6) , whereas, for the other three nuclei, there was a consistent large percentage of the total cells expressing K ϩ channels. In addition, it is also of interest that each of these K ϩ channels has a distinct subcellular localization, which could also be indicative of a more complex pH-sensing mechanism than absolute levels of plasma membrane expression alone. Together these findings would seem to have a yet to be determined significance for the role of these brain stem sites to regulation of physiological functions.
Summary and conclusions. The data demonstrate that there are fewer NTS cells that express pH-sensitive K ϩ channels in the CO 2 -insensitive BN rat compared with the CO 2 -sensitive SS rat. These findings were consistent in both male and female rats studied, unlike that previously observed in the medullary raphe (38) . Furthermore, strain-related differences in the ventilatory CO 2 chemoreflex are not likely due to sequence variation within the genes for these K ϩ channels, as we found no variants that would lead to changes in the amino acid sequences. Accordingly, we conclude that the inherent differences in CO 2 sensitivity among BN and SS rat strains may be due to regional, differential expression of pH-sensitive K ϩ channels, including, but not limited to, TASK-1, Kv1.4, and/or Kir2.3 channels within chemosensitive brain stem nuclei.
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